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Genel Yukleme

MK (t) + CX(t) + Kx(t) = F(t)
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Yer ivmesi — Konsol Kolon Tipi Yapi

- Fe = m5ag(t? m,
m, F, = m4ag(t): m,
n. _ Fi= mgag(t): m,
m, B F, = m2ag(t): m,
m, F, = mlag(t): m,
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Yer ivmesi — Konsol Kolon Tipi Yapl
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F(t) =1 F(t) p=ymya, (t)
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Cok Serbestlik Dereceli Sistemlerin Deprem Analizleri

«Zaman-Tanim Alaninda Analizler: Verilen bir deprem kaydi 1¢in dinamik simiilasyon
*Dogrudan Coziim
*Matris diferansiyel denklemi dogrudan ¢oziiliir.
*Yapisal cevaplar dogrudan zaman-tanim alaninda elde edilmis olur.
*Modal Toplama
*Her mod i¢in genellestirilmis tek serbestlik dereceli sistemi zaman-tanim alaninda ¢oziiliir.
«Zaman-tanim alaninda elde edilen genellestirilmis cevaplar ile mod sekilleri le carpilarak modal cevaplar bulunur.
*Modal cevaplar dogrudan toplanarak zaman-tanim alaninda yapi cevaplarn elde edilir.

*Spektral Analizler: Tasarim spektrumu kullanilarak yapisal cevaplarin maksimum degerleri

*Modal Birlestirme

*Her mod igin genellestirilmis tek serbestlik dereceli sistemin maksimum cevabi bulunur.

*Genellestirilmistir cevaplar mod sekilleri ile ¢arpilarak modal cevaplarin maksimum degeri bulunur.

*Maksimum modal cevaplar modal birlestirme yontemi denilen yontemlerden birisi ile birlestirilerek maksimum yapisal
cevaplar bulunur.

*Eger 1ki yonde analiz yapiliyor ise, yukaridaki islem ayr1 ayri iki yonde yapilir. Her yon i¢in maksimum degerler ayr1 ayri
bulunur.

«iki yondeki maksimum degerler yonsel birlestirme yontemi denilen yontemlerden birisi ile birlestirilerek maksimum yapisal
cevaplar bulunur.
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Zaman-Tanim Alaninda Dogrudan Analiz
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Zaman-Tanim Alaninda Dogrudan Analiz

MK(t) + CX(t) + Kx(t) = F(t)

[ Dogrudan Matris Denkleminin Cozimii ]

(1), x(t) ve x(t)




Zaman-Tanim Alaninda

Dogrudan Analiz: SAP2000 — Kutle

){ Mass Source Data

Ve -

:I E—hi 3-D View E, Section Properties k

)ﬁ SAP2000w19.1.0 Ultimate B4-bit - S03-EX02-M03
File Edit View | Define | Draw  Select  Assign  Analyze  Displa

r'j., H ,[fﬁ Materials... E—l G | M

Mass Source Mame MS5SRCT

Mass Source

&" Mass Source...

Coordinate Systerns/Grids

Element Self Mass and Additional Mass
/ [] Specified Load Patterns

loint Constraints... - Masz Multipliers for Load Patterns

DEAD 1

- |
1‘-1' loint Patterns... -
el
){ Mass Source - — O prd
Mazs Sources Click to:
MSSSRC1 Add New Mass Source...

Add Copy of Mass Source. ..

/ Modify/Show Mass Source...

Default Mass Source

| MSSSRC1 -

Cancel

calculated from the following specifications:

» Mass density specified for materials.

n Mass specified for link properties.
» Additional mass assigned directly to the joints.

12.11.2016

s Additional area mass assigned to area objects.
Cok Serbestlik Dereceli Sistemler — 3. Bolim

» Additional line mass assigned to frame or cable objects.

o Element Self Mass and Additional Mass option. This is the default. With this option, mass is
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Zaman-Tanim Alaninda Dogrudan Analiz: SAP2000 — Kutle

){ Mass Source Data ad — O X
?{ Define Load Patterns X
Mass Source Name MSSSRC | ~IEL o LETE N A Click To:
e £lg uto Latera
Load Pattern Mame Type ultiplier Load Pattern COLEL DD ET
SRR [pEAD | Dead v Modify Load Pattern
e -
Specified Load Patterns LIE Live
* Delete Load Pattern
Mazs Multipliers for Load Patterns ¥
Show Load Pattern Notes...
Load Pattern Multiplier
e . |
I} 1. Cancel
Modify
Delete:
o Specified Load Patterns option. With this option, mass is calculated from a scaled combination of
oK Cancel load patterns (see Define Mass Multiplier for Loads, below). The net load acting downward (in the
negative global Z direction) on each element is divided by the acceleration due to gravity, in the current

units, and is used for the mass in the three translational directions. See "Detailed Calculations™ below.
Load patterns should generally represent weight, and should not contain self-equilibrating loads, such
as temperature and prestress.
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Zaman-Tanim Alaninda Dogrudan Analiz: SAP2000 — Deprem

x SAP2000v19.1.0 Ultimate 64-bit - 503-EX02-M03

File Edit View | Define | Draw  Select  Assign  Analyze Display Design  Options T
2K 1 - i 4 Materials.. G G 3d xy xzyznv
B’ Ch\Users\baris\Desktop\Dinamik\ 503\ Examplel2\Depremt kocaeli.bd - Notepad++ b - O x| B _rgu!ﬁ Section Properties
File Edit Search View Enceding Language Settings Tools Macre Run Plugins Window 7 X EI
sEHEERGE| smE|loec |y 2% BB |1 EE2ERa® ™ "i &”  Mass Source...
[ kocasli tat E:!l ™ . .
, el Coordinate Systerns/Grids...
1 0.0000 —0.0007e06Z800 ) =
2 0.0050 —-0.00075375100 \ . :
loint Constraints...
3 0.0100 ~0.00074687000 i oI -anstaints
4 0.0150 —-0D.00074000800 LA loint Patterns...
5 0.0Z200 -0.00073311500 e
& 0.0250 -0.00072614600 - =¥ Groups..
7 0.0300 -0.00071891100 E """"" .
9 0.0350 ~0.00071147700 i BB  Section Cuts...
S  0.0400 -0.00070403800 D e : .
A Generalized Displacements..,
10 0.0450 —-0.000e56745300 -i:l =
11 0.0500 —0D.000e585947300 # -
i Functions
12 0.0550 -0.00068191400 i = (3 Response Spectum..
. _ (= 7 - .
13 0.0600 0.00067396100 i YD Load Pattems.. e Time History..ag_ |
14 0.0650 —0D.000e&c00000 -
15 0.0700 -g.00065822z00 | M0 Load Cases... =, Power Spectral DEN
16 0.0750 —-0.00065079700 55
2 D+L it =, Steady State..
17 0.0800 -0.00064378300 B +g  Load Combinations.. i :
18 0.0850 —0D.000637159000 ¥ u‘f ]
length: 174699 lines: Ln:1 Col:1 Sel:0]0 Windows (CRLF)  UTF-8 INS i SR Flase
A
f Mamed Property Sets
Pushover Pararmeter Sets
Mamed Sets
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Zaman-Tanim Alaninda Dogrudan Analiz: SAP2000 — Deprem

12.11.2016

){ Define Time History Functions

Functions

KOCAELI

RAMPTH
UNIFTH

Choose Function Type to Add

From File

Click to:

Add New Function...
Modify/Show Function...

Delete Function

Cancel

}ETir‘ne History Function Definition )
Function Name |KOCAELI

Function File “alues are:

File Name Browse. .. @ Time and Function Values

cusers\baris\deskiop\s03examplel2\kocaeli bd (O Values at Equal Intervals of

Format Type
Header Lines to Skip ICI @ Free Format
Prefix Characters per Line to Skip ICI (O Fixed Format
Characters per ltem
Number of Points per Line
Convert to User Defined Wiew File
Function Graph
I
Dizplay Graph | (20.0275 , 0.0269)
Cancel
Sayfa: 11

Cok Serbestlik Dereceli Sistemler — 3. Bolim



Zaman-Tanim Alaninda Dogrudan Analiz: SAP2000

:'ﬂ: Load Case Data - Linear Direct Integration History

Load Case Name Motes

Stiffness to Use

@ Zero Initial Conditions - Unstressed State

MODAL

Loads Applied
Load Type Load Mame Function Scale Factor
Accel w~ | U1 ~ | KOCAELI w | 21,9785

KOCAEL =
Modify
Delete
[] Show Advanced Load Parameters
Time Step Data
Mumber of Output Time Steps |2TEIEI / |
Cutput Time Step Size |'1'31 l |
Other Parameters
Damping Proportienal Damping Modify/Show. ..
Time Integration Hilber-Hughes-Taylor | Modifyishow... |

|DIF\‘.EC'I'I'HA Set Def Name Modify/Show...

>

Load Case Type

Time History w || Design...
Analysis Typewtiun Type
@ Linear D Modal
D Meonlinear @ Direct Integration
Higtory Type \
® Transient \

Mass Source
MSS5RC1

» Number of Output Time 5teps edit box and Output Time Step Size edit box. Accept the
default or enter a value for the number of output time steps and the size of the output time step.
The total time of the analysis is the number of output time steps multiplied by the output time-
step size. Results will be saved only at time zero and the subsequent output time steps,

although the analysis will compute intermediate results at every time step of every applied-load
time-history function.

oK

Cancel

12.11.2016
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Zaman-Tanim Alaninda Dogrudan Analiz: SAP2000 — Sontmleme

*Dogrudan ¢oziimde C matrisinin kendisi kullanilir. Bundan dolayr C matrisinin hesabi gerekir.

*Rayleigh yontemi modal i¢sel sontimleme Gzerinden klasik C matrisi olusturmak i¢cin kullanilir.

*Bundan dolay1 modal 6zelliklerin bilinmesinde fayda vardir. - Modal Analiz

61 = 610 = 2% -

5“

‘

Ara Modlarin Sonimlemeler1 < 5%

12.11.2016
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Zaman-Tanim Alaninda Dogrudan Analiz: SAP2000 — Sontmleme

Modal Analiz

12.11.2016

:K: Load Case Data - Maodal

Load Caze Mame Motes

MODAL Set Def Name

Stiffness to Use

@ Zero Initial Conditions - Unstrezsed State

Number of Modes

Modify/Show...

Maximum Mumber of Modes |12

Minimum Mumber of Modes |1

[T T T

[] Show Advanced Load Parameters

Other Parameters

Frequency Shift (Center) |EI.
Cutoff Frequency (Radius) |IZI.
Convergence Tolerance |1.EIEIIZIE—IZIE

Allow Automatic Frequency Shifting

Load Caze Type
Modal

Type of Modes

Eigen Vectors

O Ritz Vectors

Mass Source
M5S5RC1

Cancel

ot

Design...

Cok Serbestlik Dereceli Sistemler — 3. Bolim
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Zaman-Tanim Alaninda Dogrudan Analiz: SAP2000 — Sontmleme

*Modal Analiz Sonuclari

12.11.2016

){ Choose Tables for Display
Edit

=0 MODEL DEFINITION (0 of 70 tables selected)
-0 System Data
--I:l Property Definttions
-0 Load Pattern Definitions
&[0 Other Definitions
-0 Load Case Definitions
-0 Connectivity Data
-0 Joint Assignments
-0 Frame Assignments
--I:l Area Assignments
--I:l Options/Preferences Data
&[] Miscellaneous Data
E-E ANALYSIS RESULTS (2 of 24 tables selected)
-0 Joint Output
--I:l Element Output
=B Structure Qutput
--|:| Base Reactions
=B Modal Information

P =l Table: Modal Feniods And Frequencies

----- [J Table: Modal Load Participation Ratios

----- (4] Table: Modal Participating Mass Ratios

|:| Table: Modal Parbapaton Factors

|:| Table: Response Spectrum Modal Informaton
- Other Output ltems

Load Patterns (Model Def.)

Select Load Patterns...
2 of 2 Selected

Load Cazes (Results)

Select Load Cases...
2 of 6 Selected

Modify/Show Options. ..

Options

[] Show Unformatted

Named Sets

Sawe Named Set...

| Ok | Cancel

Table Formats File... Current Table Formats File: Program Default

Cok Serbestlik Dereceli Sistemler — 3. Bolim
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Zaman-Tanim Alaninda Dogrudan Analiz: SAP2000 — Sontmleme
*Modal Analiz Sonuclari

Units: As Noted KModal Participating Mass RHatios W
Fitter:
CutputCase StepType StepNum Period Ux uy Uz Sumux Sumuy SumuZ RX f
Text Unitless Sec Unitless Unitless Unitless Unitless Unitless Unitless Unitless Uni
2 MODAL Mode 1 0704238 087968 0 0 087963 0 0 0
MODAL Mode / 0241363 IZI.I]E-T12\ 0 0 I].E?-EEE-\ 0 0 0
MODAL Mode 3 0153221 0.02416 0 0 0.95096 0 0 0
MODAL Mode 0.11593867 0.007438 0 0 055844 0 0 0
MODAL Mode / 0104721 0.00156 0 0 1\ 0 0 0
- &= 5%
ST - Ara:-Modlarin Sonitimlemeleri < 5%
- . > a)n
w; (>T5) @, (<T ) |
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Zaman-Tanim Alaninda Dogrudan Analiz: SAP2000 — Sontmleme

:Jt: Lead Case Data - Linear Direct Integration History

Load Caze Name

MNotes
|DIREC‘I‘I’HA Set Def Name
Stiffness to Use
@ Zero Initial Conditions - Unstressed State
MODAL
Loads Applied
Load Type Load Name Function Scale Factor
Accel U ~ | KOCAELI ~ | 21.9785
KOCAELI

[[] show Advanced Load Parameters

Time Step Data

Number of Qutput Time Steps

Output Time Step Size
Other Parameters.

Damping Proportional Damping

Time Integration Hilber-Hughes-Taylor

Modify/Show...

Add

Modify

Delete

2700
0.01

Modify/Show...

Madify/Show. ..

Load Case Type

Time History ~ || Design...
Analysis Type Solution Type

(@ Linear () Modal

O MNonlinear @ Direct Integration
History Type

(@) Transient

Mass Scurce

MSSSRC1

0K

Cancel

:N: Mass and Stiffness Propeortional Damping

Damping Coefficients

() Direct Specification
Specify Damping by Peried
/2 Specify Damping by Freguency
Period
First 0.80

/ Second

12.11.2016

3

>
Mass Stiffness
Proportional Proporticnal
Coefficient Coefficient
0.7392 T.490E-04
Dramping
ID'DE—I Recalculate
005 Coefficients Period
Sec
1 0704238
2 0241353
3 015321
4 0. 119387
5 0104721

Cok Serbestlik Dereceli Sistemler — 3. Bolim

g__a)f.(>T5)____ - w (<T))

—a)n

Ara Modlarin Sﬁnﬁmlemeleri < S%i
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Zaman-Tanim Alaninda Dogrudan Analiz: SAP2000 — Sonuclar

- IS

lect  Assign

3 QR Q&

el; T=070424 f=1.41997

-‘_

Analyze | Display | Design

Opticns  Teoels  Help

[[1 ShowUndeformed Shape F4

.K& Show Misc Object Assigns 3
@ Show Misc Element Assigns 3
.E& Show Object Load Assigns 3
& Show Elermnent Load Assigns 3

|'|:" Show Paths...

-__: Show Load Case Tree...

F‘_ﬁ_‘ Show Deformed Shape... F&
1=} Show Forces/Stresses 3
E

v Show Virtual Work Diagram...
|£T Show Influence Lines...

{*F  Show Response Spectrum Curves...

Zf,  Show Plot Functions... F12

12.11.2016

rr Show Static Pushowver Curve...

Show Hinge Results...

FH]  Show Tables.. Ctrl+T

m Save Marned Display...
Show Mamed Display...

Show Mamed View...

}{ Plot Functien Trace Display Definition X
Load Case (Multi-stepped Ca,se.s.}/ MODALTHA e
Choose Plot Functions Time Range
; From Reset Defaultz
Define Plot Functions. ..
.
List of Functions “ertical Functions
Joint47 Axiz Range Qverride
Add = Min Max
[ ] Horizontal
[] Wertical
Axis Labels
Horizontal
Wertical
Horizontal Plot Function TIME ~ | |
Selected Plot Function Line Options
Grid Overlay
Save Named Set... Display...
Done
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Zaman-Tanim Alaninda Dogrudan Analiz: SAP2000 — Sonuclar

3{ Plot Functions
Plot Functicns Choose Function Type to Add
Joint47 Add Load Functions
Base Shear X
Add Energy Functions S .
i Baae Exmeiins ?{ Display Plot Function Traces (MODALTHA) X
Add Joint Disps/Forces File
Add Frame Forces
Add Shell Forces/Siresses
x10 -3 TIME Legend
200. -
3 oint
16'1; Displacement L3>
1203 . e
Cancel ] | \in is -1 B48e-01
80 f | 3t 9.860e+00
] ‘ I Max 1.947e-01
_ . . 40.7 3t 9,541
}ﬁ]mnt Plot Function oo i ” , MU' i I i
0 = "ul'uﬂun\ 0 |.| I j'|||| i hUw T E
| AT 5
40,7 |" i
Plot Function M .
ot Function Name -Bﬂ.; I
-120.
Joint ID -IECI_:
Vector Type Mode Mumber -|||||||||||||||||||||||||||||||||||||||||||||||||
g 6. 9. 12 13 18 21, 24, 27, 30 oK
® Displ i) Abs Displ Include all _
() wel () Abs Vel
() Accel () Abs Accel
D Reaction
Component
® wx O
oy i Ry
O uz O Rz Cancel
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Zaman-Tanim Alaninda Modal Toplama ile Analiz
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Zaman-Tanim Alaninda Modal Toplama ile Analiz

m
0

M, 0, (£) + Cyo, (1) + Kyp0, (1) = T, (1)

0
m,

m

n

0

nx

n

d,

d,

-qlu

dnx1

0] |G|
A,
Cnn_nxn _qn

M0 (1) + €y, (1) + ki (t) = F,(1)

dnx1

k22 q2
knn _nxn —qn -

M, 0, (£) + €. G, (1) + K00, (1) = £, (1)

28.10.2017

)

() ]

] f_n'(t)_

> (;(t) icincozular

Unutmayalim:

X(t)nxl — (I)nan(t)nxl

Cok Serbestlik Dereceli Sistemler — 2. B6Iim
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Zaman-Tanim Alaninda Modal Toplama ile Analiz

LY

A 4
e

1. Mod » Z-T Analizi
2. Mod » Z-T Analizi
Sistem
N. Mod » Z-T Analizi
X
12.11.2016

A 4

\ 4
r—

\/I\\l[\‘/\\/ P VAVA\//\‘q N (t)] X

Cok Serbestlik Dereceli Sistemler — 3. B6Iim

hfafaso

%Nvév@aqz(t)

Superpoz

o

‘:‘VAQ“V‘“V&VAVA Paln(®)

ANER _
VIRV V >
Sistémin Cevab1
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Zaman-Tanim Alaninda Modal Toplama ile Analiz
MX(t) + Cx(t) + Kx(t) = —MrX (1), X(t),, =P, q(t), .
M®(t) + CPq(t) + KPq(t) = -Mr¥, (t)
O 'M®G(t) + @' 'CPq(t) + P ' KPq(t) =—® 'MrX (t)
Md(t) +Cq(t) + Ka(t) = —LX, (t) L=®"Mr

® dogal mod sekilleri, C klasik sonimleme matrisi ise:
MGy (t) +C,0,(t) +k;,0,(t) = LX, (1)
mzqz (t) +C22Q2(t) "’kzzqz (t) = LZXg (t)

m.g, (t) +c,.d,() +k,.q,(t) =LX ()
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Zaman-Tanim Alaninda Modal Toplama ile Analiz

n. Mod.:

M, 6, (8) + C.ud, (1) + K0, (1) = L X, (1)

G, (t) + 2&,0,6, (1) + @7, (t) = 1, (t)
m, = "M, =2(¢;)2mi

L, =& Mr = Z¢;mi L, : Kutle katilim faktortu
=1

L "Mr o
[ =—"= %_ I Normalize kutle
m m .. Notlar:
n n katlllm faktoru *Eger ¢,° = 1ise L, bir tiir agirlikl1 toplam kiitle olacaktr.
[ deprem ivmesinin ne kadar etkili oldugunu gdsteren
faktorddr.
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Mod Sekillerinin Normallestirilmesi

¢, . Kltle-Normalize

B m, =g Mg =Y (41)'m, =1

I =5:Ln:¢§fl\/lr

¢, : Genel ¢, : Genlik-Normalize

12.11.2016 Cok Serbestlik Dereceli Sistemler — 3. B6Iim Sayfa: 25



Mod Sekillerinin Normallestirilmesi

Parametre Genel Sekil Genlik-Normalize Kutle-Normalize
m - Etkin Kitle -
C - 2mcw 2E@
k - M a? 0
L - Etkin Atalet Kitlesi | =
[ Etkin Yer Ivmesi Etkin Yer Ivmesi Etkin Yer Ivmesi
Notlar Fiziksel anlami mevcuttur Daha kolay ¢ozuliir

12.11.2016

Cok Serbestlik Dereceli Sistemler — 3. B6Iim
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Zaman-Tanim Alaninda Modal Toplama ile Analiz — Degerlendirme

TSD Sistem:

Modal Sistem:

TSD Sistem: X(t) +2&E @ X(t) + w?X(t) = t)

Modal Sistem: ¢ (t) + 2& .6 (t) + &g (t) = t)

Cok Serbestlik Dereceli Sistemler — 3. B6Iim
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Zaman-Tanim Alaninda Modal Toplama ile Analiz

Tek Serbestlik Dereceli Sistemler: Modal Sistem:

Verilen bir ivme kaydi i¢in sistem ¢ozilirse:

%, ()

Ayni ivme kaydi i¢in su sistem ¢oziiliirse:

%, ()

mR(t) + CX(t) + KX(t) = —mX, (t)

K(t) + 2&,@,%(t) + @?X(t) = X,

MR(t) + CX(t) + kx(t) = —LX_ (t)

12.11.2016

x(t)

(1) X(t) + 28, @, X(t) + o X(t) = =X, (t)

IX(t)

Dogrusal sistemler i¢in

yapisal cevaplar 7 faktori ile degisecektir

Cok Serbestlik Dereceli Sistemler — 3. Bolim
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Zaman-Tanim Alaninda Modal Toplama ile Analiz: Toplama islemi

er(t)\ (|\ rl\ rlw
X(’[):<Xz(t)>:4¢1>q1(t)+<(|)2 qu(t)+<¢3 >q3(t)




Zaman-Tanim Alaninda Modal Toplama ile Analiz: Sontimleme
*Bu yontemde genellestirilmis serbestlik dereceleri ¢oziliir: a(t) +(2£w)v(t)+a?x(t)=f ()
*Sontimleme her mod i¢in soniimleme orani olarak ifade edilir, &

*Bundan dolay1 C matrisinin olusturulmasina gerek yoktur. Sadece & degerlerine ihtiyag vardir.

I O_ _ql_ _251(01 0 0 ] _q1_ _a)12 O --- 0 | _ql_ | f—l(t)_
0, N 0 2520)2 d, n 0 wéz Q, _ fz (t)
_O 1_n><n _qn_nxl | O Zé:na)n_nxn _qn_nxl | O a)r?_nxn —qn_nxl | f—n(t)_nxl
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Zaman-Tanim Alaninda Modal Toplama ile Analiz: Igsel Kuvvetler

[ki yontem mevcuttur:
1. Yontem: Rijitlik Matrisi ile

F(t) = Kx(t)
X (t)=4¢'q(t), i. moddan gelen yerdegistirme
F(t)=Kx (t) =Kd'q.(t), i. moddan gelen i¢ kuvvetler

2. Yontem: Kltle Matrisi ile

Ké' =w’Mé', modal denklemden
RE () = o' M4q, (1)

12.11.2016 Cok Serbestlik Dereceli Sistemler — 3. B6Iim Sayfa: 31



Zaman-Tanim Alaninda Modal Toplama ile Analiz: i¢gsel Kuvvetler
(Flif} (t)\ ( | 3 - | 3 - |
Fe(t)=9F (1) p o FE () p+FE (1) p+s B ()
L2300 ) O I A O I B O

@, *M¢

"M,

(>




Zaman-Tanim Alaninda Modal Toplama ile Analiz: Taban Kesme Kuv.

Konsol kolon tipi yapilar i¢in 1k1 yontem mevcuttur:
1. YOntem: Rijitlik Matrisi ile

FEn(t) = —(FS(t) + B () +---+FF(t)),  Kat kuvvetlerinin toplam
FE @) =-r'F*@M), F'O=Kx®), FO=Kx@®, x{O)=¢q)
F* () =—r"F%(t) =-r'K¢'q,(t), i. moddan gelen taban kesme kuvveti
2. Yontem: Kiitle Matrisi ile
K¢p' =w’M¢',  modal denklemden
) =-r' RO =-r'K¢ a, 1) Fie(t)
(1) =~ T Mg, (1)
L =¢'Mr, L=L =r'M¢’
= () = -0 La ()
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Zaman-Tanim Alaninda Modal Toplama ile Analiz: Taban Kesme Kuv.

- taban (t) _ Fltaban (t) 4 thaban (t) 4 thaban (t)
E taban (t) — _a)lz L1q1 (t) — 6022 L2q2 (t) - a)zz I‘ZqZ (t)



Modal Analiz: SAP2000

12.11.2016

}{ Load Case Data - Maodal

Load Case Mame

MODAL Set Def Name

Stiffness fo U=se

@ Zero Initial Conditions - Unstressed State

Mumber of Modes
Kaximurm Number of Modes

Kinimum Mumber of Modes

L AP L R % o o IRl

|:| show Advanced Load Parameters
Other Parameters

Freguency Shift (Center)

Cutoff Frequency (Radius)

Convergence Tolerance

Allow Automatic Frequency Shifting

MNotes Load Case Type

Modify/Show... Modal
/f}fpe of Modes

@ Eigen Vectors

/ ID Ritz Vectors

Mas=s Source

MSS5RCH
12
1
0.
0K
0.
1.000E-09 Cancel

e

De=ign...
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Sayfa: 35



Modal Analiz: SAP2000 — Kutle Katilim Orani

12.11.2016

3¢ Modal Participating Mass Ratios hd — O P4
File View Edit Format-Filter-5ort  Select  Options
Units: A= Noted Modal Participating Mas= Hatios “
Filter:
OutputCase  StepType StepHum Period ux Uy Uz SumbX SumlyY SumUZ RX i
Text Unitless Sec Unitless Unitless Unitless Unitless Unitless Unitless Unitless Uni
h—m Mode P A 0.704238 0.87968 o o 0.87988 1] o 1]
MODAL Mode / 2 0241363 008712 0 0 0.9668 0 0 [}
MODAL Mode “ 3 0.153221 0.02416 ~ 1] 1} 0.9%096 1] 1] 1]
MODAL Mode 4 01159387 0.00748 0 0 0.592344 0 0 i}
MODAL Mode 3 0104721 0.00155 0 0 1 W 0 0 0

Record: 1 of 5
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Sayfa: 36



Modal Analiz: SAP2000 — Normalize Kutle Katilim Faktoru

12.11.2016

3{ Modal Participation Factors b — O X
File View Edit Format-Filter-5ort  Select  Options
Units: A= Noted Modal Participation Factors e
Filter:
OutputCase  StepType StepNum Period ux Y uz RX RY RZ ModalMass Mg
Text Unitless Sec KN-m KN-m KN-m KN-m KN-m KN-m KN-m-z2
W Mode 1 0704235 3213583598 o 1] 1] 50.2633598 -2.38E-18 1
MODAL Mode 2 0241363 -10.113152 \ 0 0 [} 127 171523 T.358E7 1 i
MODAL Mode 3 0.153221 5.325102 M a 1] 0| -35.342029 -4.008E-17 1 19
MODAL Mode 4 0.1193587 2553475 o 0 i} -31.5931023 -2 128E17 1 2
MODAL Mode 3 0104721 1.353105 o 0 0 -9.937387 -1.028E-17 1 39

<

Record: 1 of 5 | AddTables.. |
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Zaman-Tanim Alaninda Modal Toplama ile Analiz: SAP2000

12.11.2016

){ Load Case Data - Linear Modal History

Load Case Name

Motes Load Case Type
MODALTHA Set Def Name Modify/Show... Time History w || Design...
Initial Conditions Analysis Type Solution Type
@fl Zero Initial Conditions - Start from Unstreszed State @ Linear @ Modal
D Meonlinear D Direct IntegraW
Higtory Type
@ Tranzient
Medal Load Caze
O Periodic
Use Modes from Case MODAL w
Loads Applied Mass Source
Load Type Load Name Function Scale Factor Previcus (M35SRC1)
Accel w~ | U1 ~ | KOCAELI w | 21,9785
Accel | KOCAELI \ ndd
Modify
Delete
[] Show Advanced Load Parameters
Time Step Data
Mumber of Output Time Steps |2TEIEI |
Cutput Time Step Size |0.01 |
Other Parameters
Modal Damping Constant at 0.05 Modify/Show. ..
Cancel

it
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12.11.2016

Modal Damping Type

@ Constant Damping for all Modes

O Interpolated Dramping by Pericd or Frequency

O Mazs and Stiffness Proportional Damping by Coefficient

Constant Modal Damping

Constant Damping for all Modes

0.05

Medal Damping Overrides

Mode Dramping

1 =10

Add

Tim Modlarin Sontimlemeleri = 5%

Cancel

é’;=§j=5%
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Zaman-Tanim Alaninda Modal Toplama ile Analiz: SAP2000 — SOnum.

:K: Modal Damping

:R: Madal Damping

Medal Damping Type
O Constant Damping for all Modes
O Interpolated Damping by Pericd or Frequency

/@ Mass and Stiffness Proportional Damping by Coefficient

Ma=ss and Stiffness Proportional Medal Damping by Coefficients

Mazz
Proportional
Coefficient
O Direct Specification
(®) Specify Modal Damping by Period 0.7392
O Specify Modal Damping by Freguency
Pericd Damping
First |03 | | | |o.0s |

Second

Modal Damping Overrides

Stiffness
Proportional
Coefficient

7.4590E-04

Recalculate
Coefficients

]

Cancel

*

Mada Marmnin
K
& [l \ v é et é] e 5%
, 1
AP~ e /
‘\\ oo //’/‘\
\\____,,/ Ara'Modlarin Sontimlemeleri < 5%
a)l’l
w; (>T5) w; (<T))
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Sonuclarin Karsilastiriimasi

Dogrudan Coziim Modal Toplama ile C6zUm

3¢ Display Plot Function Traces (DIRECTTHA) X 3¢ Display Plot Function Traces (MODALTHA) X
File File
w10 -3 TIME Legend w10 -3 TIME Legend
200.7 200.7
] loint 47 ] loint 47
15”-; Displacement LX 15”-; Displacement LX
120. - _ B 120 - . -
] | I Vin is -1.710e-01 ] J I Vi is -1 48201
B0 T T at 9.870e+00 B0 'i L) at 9.860e+00
] || I | Max is 1 994e-01 . Il n , Vax is 1 947e-01
407 ,I | o at 9.540e+00 403 ,l i | | " = at 9.540e+00
- Lon o LA TR R |n]|||[|||||| |r||.l| NN 2 - lon o fiinlsl ||.| I.r 1||1II||||| |"|n N 2
U YV || | u|||| quu--..-v-u-v E U i "-"l.n";l"l'.' |,| || ||ll..||||| 'rll'lluwv\rv E
: 1 i S : | I’J- I S
407 I" I Y 407 I NI
] £ ] |
-80.° -80.° i
-120.7 -120.7
-160. | (23.89 ,1.755E-01 ) -160. | [ 8.02, 1.888E-01)
IIII|IIII|IIII|IIIIIIIIIIIIII|IIII|IIII|IIII|IIII IIII|IIII|IIII|IIIIIIIIIIIIII|IIII|IIII|IIII|IIII
6 9. 12 15 18 21. 24 27. 30 3 6 9 12 15 18 21. 24 27. 30.
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Spektral Analiz ile Modal Birlestirme Yontemi
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Spektral Analiz — Bir Yonde Mod Birlestirme

/\

n

Spektrum Analizi

Sistem

12.11.2016

Maks.
Deger

1. Mod Maks. Deger
2. Mod Spektrum Analizi Maks. Deger
4 )
Mod Birlestirme
Yontemi
(6rn: SRSS, CQC)
- J
N. Mod *| Spektrum Analizi Maks. Deger
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Spektral Analiz — Iki Yonde Mod Birlestirme

12.11.2016

|

Maks. Deger
(Deprem X-YOnunde)

|

Maks. Deger
(Deprem Y-YoOninde)

-

Yonsel Birlestirme
Ydntemi

~N

orn: SRSS, CQC3
X Qcs)

Cok Serbestlik Dereceli Sistemler — 3. B6Iim
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Spektrum Analizi

Tek Serbestlik Dereceli Sistemler:

Modal Sistem:

X, (t)

mX(t) +CX(t) + kx(t) = —mx ()

K(t) + 2&, 0, X (1) + @ X(t) =X,

X, (t)

(t)

12.11.2016

mR(t) + cxX(t) + Kx(t) = —LX, (t)

X(t) +2&, 0, X(t) + @7 x(t) = =X, (t)

S
—A, S
@

f"™ = kx™ =mS,

=

n

P A\ ort 1€ de
Y 1sal ce aplar fakto
a I

@S e C e\(ﬁt
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Spektrum Analizi

Modal Denklemler: ; L ¢TMr
MX(1) +CX(1) +kx(t) = —L %, (t) L=¢Mr I - T o

G (t) + 28, (1) + a)iZQi (t)=-1; Xg (t)

A . S Modal,i F S [
SAI\/IodaI =T'xS, : max(qi (’[)):qi — "A — = 2A
/ \ W, W,
SA X[ A Y
/I \\\ 1
/I \ maX - [
SA ,' A\ ql = EFISA
/ \\\\\\ > |
~~~~~~ L max __ 1 L| g
T " ql R 2 — A
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Modal Birlestirme

1. Mod » Z-T Analizi
2. Mod » Z-T Analizi
Sistem - : - - Superpoz ]—
o _ e ;f“ AR /\ A A/ /\‘ t 1 :;i
N. MOd " Z TAna“Zl 'l V\l N YV qN() X ; ﬁ\lan(t

AN R
Y f Ao
X Maks. degerler ayni anda olusmadigindan toplanamaz. Sl: Mmin Cevabl
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Modal Birlestirme

*Sistemin maksimum cevaplarin1 bulmak 1¢in modal maksimum cevaplar modal birlestirme
yontemleri olarak adlandirilan yontemler ile birlestirilir (dogrudan toplanmaz)

*Bu yontemlerin en bilineni SRSS’dir. Modlarin birbirinden ayrik oldugu durumda uygun
sonug¢lar verdigi kabul edilir.

*Diger1 CQC’dir. Modlar birbirine yakinsa bu yontem tercih edilir.

*Genellikle uygulanan
*Modal Birlestirme - CQC
*Yonsel Birlestirme - SRSS
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SRSS ile Mod Birlestirme: Yerdegistirmeler

12.11.2016

.

(l\

P,

Max

i

\

2

9,

Max

rd,

Cok Serbestlik Dereceli Sistemler — 3. B6Iim

o,

Mmax

-0

Sayfa: 48



SRSS ile Mod Birlestirme: Goreceli Kat Otelemeleri

12.11.2016

Smax:<

7

9

Fa
4 -

max
4

N

2

.

.

”¢22 _¢21“
b4

max

r 0,
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Spektrum Analizi: igsel Kuvvetler

Iki yontem mevcuttur:
1. Yontem: Rijitlik Matrisi ile

F(t) = Kx(t)

X (t)=¢'q.(t), i. moddan gelen yerdegistirme

F(t) = Kx (t) =Ké'q (t), i. moddan gelen i¢ kuvvetler
l L

Spektral: F'* ™ = K¢ g™ K¢

2. Yontem: Kitle Matrisi ile

K¢' =w’Mé', modal denklemden
RE (1) = o' M g (1)
1 L

Spektral: F*™ = o’M¢'q™ = @ I\/|<|> =M¢' éS,IA
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SRSS ile Mod Birlestirme: i¢sel Kuvvetler

12.11.2016

Fmax —

— MaXx
1
= Max
.
— MmaxX

3

\

J

(

1 YN\2 /1 )
1) ([

y Flm ax . + Fzm aX

N
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Spektrum Analizi: Taban Kesme Kuvveti

Iki yontem mevcuttur
1. Yontem: Rijitlik Matrisi ile

SO —( F(t)+F5(t)+---+F" (t)), kat kuvvetlerinin toplami

ST =—r'FRD), FUO=Kx(®), RO =Kx@), x(t)=4¢"0)
) = —r 'S (t) = -r'K¢' g, (t),  i. moddan gelen taban kesme kuvveti

Spektral: Fitaban, max _ _r.TFiig, max _ —r K(I)T max _ r K(I) 1 I— SI
m.
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Spektrum Analizi: Taban Kesme Kuvvetli

Ik1 yOntem mevcuttur
2. Yontem: Kitle Matrisi ile

K$p' =w’Mé',  modal denklemden
S0 = RE () ="K g (1)
:itaban (t) = _a)ierM(thi (t)

L =¢'Mr, L=L =r'"M¢’

= (1) = —o7 L ()

aban, max maXx 1 L I L|2 I
Spektral: F*" ™ = —@’L,q™ =—&’L,— —S, =——5,

w’ M, m.
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Spektrum Analizi: Taban Kesme Kuvvetli

2 2 2
taban, max taban, max taban, max taban, max
P (R (R ) (R

F taban, max
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Spektrum Analizi: Efektif Modal Kutle
Tek Serbestlik Dereceli Sistemler:

T f . yay kuvveti, taban kesme kuvveti

S

f. =kx=w’mx
>: kuitleden bagimsiz (normalize) yay kuvveti

m ‘.
O

f.=mp5, : taban kesme kuvvetinin kutle Uzerinden ifadesi

Benzer

Modal Sistem:  ifageler

I

2
F e max — 1 1S My :5: Efektif Modal Kdtle
| ’ mi

=l
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Spektrum Analizi : Efektif Modal Ktle

2

m, ;,=—: Efektif Modal Kitle

—

=]

Z My i = Z M : Yapmin Toplam Kiitlesi (ispat1 mevcuttur)

=1

m.. .

iﬁl\,/ll 1 modunun kitle katilim orani

gm

Z meff, [

= >90% : YoOnetmelik sart1 (en az gm (gerekli mod) adet mod kullaniimali)

> M
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Tasarim Spektrumunu Sonumleme ile Degistirme

- Tasarim Spektrumu, & = 5%

Tasarim Spektrumu, & ep;

SA,yeni —

SA,5% B — gyeni o3
B 0.05
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Spektrum Analizi: SAP2000 — Tasarim Spektrumunun Tanimlanmasi

00v19.1.0 Ultimate &4-bit - 503-EX02-M03

dit  View | Define | Draw  Select  Assign Analyze  Display  Design  Options

E% AFE Materials... & | W 3dxy xzyzm

_ Deformed ¢ Section Properties ]
] _ i .

@3 Mas=Source.. E Define Response Spectrum Functions >

Giog Coordinate Systems/Grids...
Responze Spectra Choose Function Type to Add

.

«¢ Joint Constraints... e —
_ L LY rDm I Ll

HE  Joint Patterns... UNIFRS \

— Click to:

7e Groups...

Add New Function..

Modify/Show Spectrunx

@E Section Cuts...

A Generalized Displacements...

“f; Functions 3 m ™._  Response Spectrum... Delete Spectrum
“D  Load Patterns... 4H|L' Tirne History... _\
vE
C: |
LD Load Cases.. ~ Power Spectral Density... ance
55
Ot"  Load Combinations... =, Steady State...

4L Moving Loads

Marned Property Sets

Pushowver Parameter 5ets

Mamed Sets
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){ Response Spectrum Function Definition *
Function Damping Ratio
Function Name [TASARM wg 0.05vy
Function File xms are:
File Name Browse... C) Frequency vs Value -
clusersibaris\deskiopis03example03imodell1irs2 M C:\Users\baris\Desktop' Dinamik\ 503\ Example02\Deprem\R52475.ut - Motepad++  ** — | X
® Period vs Value
\ File Edit 5earch View Encoding Language Settings Toocls Macre Run Plugins Window 7 X
Header s 0 St b | cHHRRLA 4wk Ppean|as BREIEs@hae
E Rs24751x E3 |
1 0 0.571412531 ~
. . Z  0.05 1.038236lel
Convert to User Defined Wiew File = 0.1 1.47853213°7
Functicn Graph 4 0.15 1.428531327
5 0.2 1.428531327
& 0.25 1.428531327
7 0.3 1.428531327
u 8 0.35 1.428531327
C S 0.4 1.428531327
b 10 0.45 1.428531327
Y 11 0.5 1.311438595
Ty
™ o 12 0.55 1.192216505
= L 13 0.6 1.0%28e54%9¢6
I | o 1 14 0.e5 1.008798519
15 0.7 0.%936741854
Display Graph | (3.9783 , 0.1648) 1e 0.75 0.874252357
17 0.8 0.819%e45%122
18 0.85 0.7714344¢8 ~
Cancel =
length: 2,853 lines: W Lln:1 Col:1 Sel:0|0 Windows (CRLF)  UTF-2 INS
|

12.11.2016 Cok Serbestlik Dereceli Sistemler — 3. Bolim Sayfa: 59



Spektrum Analizi: SAP2000 — Tek YOn

Load Caze Mame Motes Load Caze Type
MODALRSA Set Def Mame Modify/Show... Response Spectrum w~ || Design...
Modal Combin atk Directicnal Combination
O cac GMC 1|1, | g -
CQac3
® SRSS\ GMC 2 |0. |
() Absolute () Absolute
Periodic + Rigid Type | SRSS

) GMe gid Typ ~

() MRC 10 Percent Maz= Source

O Double S Previous (MS53RC1)

ouble Sum

Modal Load Caze Diaphragm Eccentricity
Use Modes from this Modal Load Case MODAL v Ecoentricity Ratio
@ Standard - Acceleration Loading

Override Eccentricities j
O Advanced - Displacement Inertia Loading L

Leads Applied

Load Type Load Name Function Scale Factor
Accel A ~ | TASARIM w~ |D.807
Accel 1 |lTAsARM 9.807 ad
Modify
Delete

[ ] Show Advanced Load Parameters

Other Parameters

lModal Damping Constant at 0.05 Modify/Show...
\ Cancel
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Spektrum Analizi: SAP2000 — Iki Yon

?{ Load Case Data - Response Spectrumn X

Load Caze Mame Motes Load Caze Type

MODALRSA Set Def Mame Modify/Show... Response Spectrum w~ || Design...
Meodal Combin atk Directional Combination

@ cac aMe (1. | g B

cocs
O SRSS\ anc 2 [0 | \
O Absolute O Absolute
Periodic + Rigid Type | SRSS

O eMe gid Typ w

(7) NRC 10 Percent Mass Source

O Double 5 Frevious (MSSSRC1)

ouble Sum

Modal Load Caze Diaphragm Eccentricity

Use Modes from this Modal Load Case MODAL v Eccentricity Ratio

@ Standard - Acceleration Loading

Owerride Eccentricities j
O Advanced - Displacement Inertia Loading L
Leads Applied
Load Type Load Name Function Scale Factor
Accel Uz ~ | TASARIM w~ | 0 207
L1 TASARIM 9.807
Add
Modify
Delete
[ ] Show Advanced Load Parameters
Other Parameters
Modal Damging Constant at 0.05 oK

Modify/Show...
\ Cancel
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Spektrum Analizi: SAP2000 — Sonumleme

12.11.2016

?{ Modal Damping

Modal Damping Type

@ Constant Damping for all Modes

O Interpolated Dramping by Pericd or Frequency

O Mazs and Stiffness Proportional Damping by Coefficient

Constant Modal Damping

Constant Damping for all Modes

0.05

Medal Damping Overrides

Mode

1 =10

Dramping

Add

Tim Modlarin Sontimlemeleri = 5%

Cancel

=5%

 Cok Serbestlik Dereceli Sistemler — 3. Bolum

x

){ Madal Damping

Medal Damping Type
O Constant Damping for all Modes
O Interpolated Damping by Pericd or Frequency

/@ Mass and Stiffness Proportional Damping by Coefficient

Ma=ss and Stiffness Proportional Medal Damping by Coefficients

Second

Modal Damping Overrides

Mada Marmnin
K
TS Tl o
& [l \ v l é et é] e SA)
AV~ ,’ !
‘\\ wen ’/z’j‘\
\\____’,’ Ara'Modlarin Sontimlemeleri < 5%
a
>T5s) w; (<T)) !

Mazz
Proportional
Coefficient
O Direct Specification
(®) Specify Modal Damping by Period 0.7392
O Specify Modal Damping by Freguency
Pericd Damping
First 0.8 | | | |o.0s |

Stiffness
Proportional
Coefficient

T.490E-04

Recalculate
Coefficients

]

Cancel

Sayfa: 62



Karsilastirma

12.11.2016

E Joint Displacements

File  View  Edit

Format-Filter-Sort

Select  Options

Units: A= Noted Joint Displacements
Filter:
Joint OutputCase  CaseType StepType U1 U2 u3 R1 R2 R3
Text Text Text m m m Radians Radians Radians
h—_ MODALTHA LinModHist Max 0.159545 1] 1] 1] 1] 1]
6 MODALTHA LinModHist Min -0.171099 0 0 0 1] 1]
6 MODALRSA | LinRespSpec Max 0.143857 0 0 0 0 0
6 DIRECTTHA LinDirHist Max 0.195418 1] 1] 1] 1] 1]
6 DIRECTTHA LinDirHist Min -0.170998 0 0 0 1] 1]
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Karsilastirma

12.11.2016

Spectral Acceleration, S, (g)

2.5

=
(&)}

—

0.5

180 - PEER No: 1158, PEER GM Scale Factor = 2.2411
| [ I I | | |

N

Target Spectrum
Unscaled-GM
PEER Scaled-GM

0.2

0.4

0.6
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1
Period, T (sec)

1.2

1.4

1.6 1.8
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